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THE RE STSTANCE COEFFICIENT OF COMMVRCIAL ROUND WIRE GRIDS*

By B. Eckert and F. Pfluger
SUMMARY

The resistance coefficients of commercial types of
round wire grids were examined for the purpose of obta1n~
ing the necessary data on supercharger test stands for
throttling the inducted air to a pressure correspondlng
to a desired air density. The measurements of the coef-
ficients ranged up to Reynolds numbers of 1000. In the
arrangement of two grids in tandem, which was necessary
in order to obtain high resistance coefficients, the re—
lationship of the coefficients with the solidity, that is,
mesh density of grid, was found to be accompanied by a
further relationship with the mutual spacing of the indi-
vidual grids.

Notation
N performance (mkg/s)
G weight of air consumed per second (kg/s)
V volume of air consumed per second (m®/s)
Vy displacement of engine (m®)
H delivery head (m)
n revolutions per minute
a operating cycles per revolution
A excess air factor

Y specific welght of air (kg/ms) S

p air density (kg”/m )

*"Bestlmmung der Wlderstandsbelwerte handelsubllcher Rund—
drahtsieve." ILuftfahrtforschung, vol..18, no.-4, April 22,
1941, pp. 142-46.
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f rate. of flow

s

v rate of flow of air threugh section (m/s)

Pst static pressure at entry (mm WS)
1
pSt2 static pressure upstream from grid (mm WS)

Pg, static pressure downstream from grid (mm WS)
3

Ap = A, p pressuré drop across the grid (mm WS)
Apjg Dpressure drop by potential flow (mm WS)
W air resistance (kg)

c resistance coefficient

w .

F = F, test section and area of grid boundary (m®)
Frp projected area of grid (m?2)

F, = F - Fp free section of grid (m?3)

Fr
¢ = B solidity

}( wire gage
ﬂ mesh per centimeter
Re Reynolds number

v kinematic viscosity (m®/s)
INTRCDUCTION

The power o f an airplane supercharger decreases with
increasing operating height by equal air volume (m®/s) —
referred to infuction state ~ as a result of the decreas-—
ing air densivy. So, unless special provisions are made
for the study of such superchargers on test stands not
operating under altitude coaditions, much greater power
is required. than for the same supercharger at the proposed
operating level, because the density of the inducted air
at sea level is greater.
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‘The :stupercharger power regquired ordiRarily amounts

&6 H VY H  Thkg|
¥Nsupercharger™ no - A s ] (1)

the air vblume V Dbeing .given by

. . ~ .3 T

n . : m

V= = Vy A , —

' a H v L s }
where m_  1is volumetric efficiency; V is therefore in-—

dependent of the operating height.

To illustrate: If a supercharger designed for 8
kilometers critical altitude is tested under sea—level
conditions (1.033 kg/em® and t = 15° C, point A in
fig, 1), the suvercharger power required amounts to

- -

V H o nkg |
N = —"
fo) km n 1 .226 :- P ._|
» as compared to " mkg |
oo Ng yp = Y E o5.525 l ZZe l
. , . n L s |
2z required at 8 kilometers altitude (point B, fig. 1).

By equal delivery head, therefore, the increase in power
reguired at sea level is:
N - N '
o k 8 k .
= o128 ) L 534 -1 = 1.34
Vs xm 0.525

e e )

B

These increases in supercharger power can be ‘avoided in-
sea—level operating tests by throttling, that is, by :
lowering the pressure of the induction air. Since
throttling processes are practically isothermic, a grid;
for instance, before the supercharger entrance opening
produces an air density corresponding to the critical
altitude. Applied to the foregoing example, the power
(point €, fig. 1) then amounts to

." - _‘ - .. ) . AA ) -.V H . ' ( mk-
No.throttled = —=.0.5256 nxg J
R Ll I . LS. .

-~
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L pressure drop across the grid from D to € (fig. 1) is
*thereby achieved. With ¢, as the resistance coefficient
of the throttle, the pressure drop is

Ap = B v® ¢ (2)
Superficial investigations indicated that the air density
p prevailing behind the throttling point would be prac-
tible in equation (2). Applied to the example shown in
figure 1, the air density given for point C should then be
used as a basis for the solution,

The simplest throttling means are wire grids.
EXPERIMENTAL PROCEDURE

The resistance coefficients of the different round
wire grids were determined in a supercharger test stand
of the Stuttgart Research Institute, admittedly at such
low air speed that the density variations relative to
the experimental evaluatioen could be disregarded. The
experimental set—-up along with the test stations is shown
in figure 2. ' o S

An axial blower sucks the air through the entrance
cone; the grids of varying solidities mounted between twod
flanges were tested between entrance cone and blower. The
alr leaves the test section by way of a fine throttling
device (Prasil type) which was kept wide open during the
resistance measurements. By varying the engine speed the
air speed could be increased to 30 meters per second.

To determine the air spsed the static pressure was
recorded at the entry (test station 1, fig. 2); while the
recording of the pressure upstream (test station 2) and
downstream (station 3) from the grid afforded the pres-—
sure drop across the grid, Betz micromanometers were
used,

TEST GRIDS

The experiments extended to commercial round wire
grids with square mesh. The wire gage of all grids was
the same, except one, grid no, XVI, which disclosed two
different gages in its texture.
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Wire gage and mesh were measured very carefully and
the solidity of the separate grids defined accordingly.
In some tests the number of grids was doubled; in others
different grids were arranged in tandem and their resist-—
ance ccefficients defined. Table 1 contains a 1list of :
the explored grids and grid combinations w1th thelr char—

acteristic data.

On two grids a aﬁd b arranged in tandem the mean

wire gage 68, was determined at

‘%, 8, *+ zZy 8
Sm - a Ya b bA ) (3)
z, + Zy

INTERPRETATION

a) Determination of Undisturbed Inflow Velocity

The low—pressure recorded at station 1 (fig. 2) is
a measure for the speed in the section. With' f as a
cone correction factor

p 2 . & '

or _ .*‘ : :'
. - _ _£-
) o v Y, p/e A:pStl'

-~ b) Determination of Resistance Coefficient

P P
=

Defining -

3 :

J ,

» o (5)

. .. ._p—vz F
. 2
as resistance coefficient of a grid.and posting

(6)

”.W fj(pe ~P3) F =Ap r ' [ke]

we get
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A p :
Cy = e , - (?)

R 2
5 v

Ap is the pressure difference between station 2 and sta-—
tion 3 (fig. 2); hence the pressure loss across the grid.

Table l.—- Grids and Combinations

Mesh Solidity
Humber | Grid number | . per Wire gage F
centimeter (mm) ¢ = =
1 I 1.5 0,7 0.212
2 II 2.2 .6 265
3 I11 2.0 .45 252
4 Iv 4,6 3 .257
5 Y 7.2 .25 .328
6 - VI 9.5 .25 .419
7 VII : 14.5 .2 o~ . 496
8 VIII 18.5 .16 505
9 IX 22.5 .14 - .B3
10 X 25.5 .14 - .587
11 XI "28.0 12 .559
12 XII 29.0 .17 .743
13 X111 31.5 .5 L7223
14 X1V 34.0 1 © .564
.15 XV 37.0 et  .603
16 Xvi 42.0 .26 . 957
17 XIII + V 38,7 L17 . 882
18 XII + VI 38.5 ] .19 .92
19 XII + VII 43 .5 .18 . 951
20 XII + VIII 47.5 .166 . 955
21 XII + IX 57.0 . 14565 . 962
22 XII + XV 66.0 131 .982
23 2 X XIII 63.0 .15 . 997

c) Definition of Projected Area of Grid and Solidity

With FR as projected area of wire exposed to air

stream and F as area of grid boundary, the solidity
(reference 1) is:
Fr
= (8)
® ¥
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hence. .¢.--is a. measure. for.the.grid density.--The total
projected area of the grid follows as-.the sum -of the pro—:
jections of all wires., Referred to unit area AF (10 mmX
10 mm = 100 mm®) the prOJected area for =z wires of 10 mm
each and a wire gage 8 isy oo e K :

A E,‘R(: 10 25 + 10 25 _ (zg_)?

A Fp = 30 28 ¥ (28)° = 28.(20 ~ 28) [mm? ] (9)

"henbe“the'solidlty. | o

A By z8(20 —z8) S
- = : — (8)
A F 100 A

Cigp

The minér discrepancies at the pipe c1rcumference
can be dlsregarded ) . .

RESULTS OF TESTS..

Flgure 3 shows the r951stance coefflclent :cQ'.of

the round wire grids listed in table 1 plotted agalnst the
undlsturbed flow veloc1tf. :

The resistance coefflcients of ‘several grids with
small solidity as obtained by measurement are presented in
figure 4; whereas in figure 5 the resistance coefficients
are plotted against the Reynolds number Re, where

Be s 8 S am

- Corresponding to the mean test condition, the kine—
matic viscosity was based on 750 millimeters mercury and
20° €, that is . - . ...

PRI

v = 14 x 107° m2/s

An increase in air speed, that is,’ increase in.
Reynolds number is accompanied by a drop in resistance
coefficient. The thin eylindrical wires. of which the
grids are manufactured disclose a relationshlp with the
Reynolds number 51m11ar to the cylinder tests in wind
tunnels. Because of the well-rounded bell mouth and the
short distance of the grid away from it the inflow is
largely laminar. An increase’ in air speed that is, a
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resistance measﬁrement‘at Reynolds numbers of Re = 1000
was exnerimentally 1mp0551ble : Coe

The experlments wlth double grids - showed that when -
arranged close together without 1ntermediate,space, the
total resistance coefficient is lower than the sum of the
two separate resistance céefficients. This .phenomenon is
attributable to the fact that the solidity of the two
grids is unable to become fully effective, that is, some
wire overlap exists — even 1f only partial, On very
narrow-mesh grids the mutual spacing is of less importance
for the total resistance coefficient. The total resist-—
ance coefficients of two grids spaced 10 millimeters apart
approximately equals the sum of the separate resistance
coefficients.

- Figure 6 shows the resistanceé coefficients ¢, of
the explored grids plotted against the solidity ¢ at
Re = 200. From the data provided, it is easy to compute
the necessary solidity ¢ for a desired ¢y or the nunm-
ver of meshes 2z for a given wire gage §.

Example; Suppose the necessary resistance coeffi-
cient ¢, for the required throttling is 13.

Figure 6 gives for Re = 200 and ¢y = 13 a solid-
ity ¢ of 0.78., With a reference area AF = 100 square
millimeters, the necessary projected area AFy of the
wires is '

A Fg = ¢ AF = 78 nn®
The mesh required for a wire gage &§ = 0.1 can be comput-

ed from 0.78 = z 0.1(2 — z 0.1), that is: 2 = 53 mesh per
centimeter,

THEORETICAL RESISTANCE COEFFICIENT OF A GRID

With the identlflcatlon of flgure 7 the continuity
equation reads. _

Po Fo Vo = P2 Fr vy = pa Fa'va o (11)
Suppose that
Fo = P25, po =.p1 = p2 = p - a2

Then, for potential flow, the pressure equation would give
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p0<£§>+ %_voa = Plyid + % v,® f'gz'id +-%~v22 _ (13)

Upstream from the grid the flow can be summarily dealt

with as free from loss; thus the actual pressure becomes

" Po = Py o3g 204 P = Paogq

Downstream from the gri&”fhe'flow,is not fneé from losses,

since it separates in vicinity of the narrowest cross

‘'section, Behind the wires of the grid a dead air region

develops, which in the further course of the flow is,
however, equalized again by mixing, ﬂovthat the speed in
flow section F, may be treated again as uniformly dis—
tributed. But the pressure in section F; 1is smaller by
a pressure loss A, p than pressure py ;4 1in loss—free
flow, that is, :

Pz = Pz j4—~84 P

In order that this pressure loss may be computed, it is
assumed that the sum of the narrowest sections of the

Jets bounding the dead-air region is equal to the sum of
the narrowest cross sections F, of the grid and that

the speed along this section is uniformly distributed.

The pressure on the lee side of the wires, that iz, at the
wire—-side boundary of the dead-air region, is nearly con-
stant and is therefore hereinafter assumed to be equal to
the pressure p, in section F,.

Since F, + Fp = F,, the total stream force Prg
acting on the boundary of zone II (fig. 7) is:

Prp = n(vy = vy) + (py — p2) Fu = O (14)

where, with'
m=p Ve Fy and vy =v

there follows

P2 — P1 = Pz jq — P1 — By (15)

o]
Al
o
<
.o
_/’\
T4
foy
!
<
o
N

or with

A

Pz 354 — P1 = % (vi® ~ v

Ay p o= %(V12 - Vo?) - p Vo(v; - Vo) (16)
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o s Vi _ N\ L
.Av.p—»% Vo (Vo 1} (7))

The total stream force Pi acting along the boundary
of zone I is also equal to zere. Hence the resistance W
acting on the grid is equal to the product of the pressure
difference Ay, p bYetween sections O and 2 and the cross-—

sectional areas  F, and Fj.
W= A,pF, (18)

For a resistance coefficient of

Y S (195
v By 27
2 o o
it then affords
‘ 2
A : . Fo _
¢, = v P =<gi 1 =122 (20)
: E- v 2 / \Fl .
2 '°
or
Fa
f—- = Cw + 1 (21)

With the notation
P, = F = area of grid boundary

F, =F - Fp = free section of grigd

- ¥ A 2../ FRr “\ah_ P \\2
Wineor (f‘:‘fg Y \FIEr) ‘(‘“‘“ (22)

These theoretical values of cy are shown as dashed
curve in figure 6. The agreement between theory and ex—
periment is satisfactory, considering that the tests
were made at comparatively low Reynolds numbers and that
the basic assumptions are, after all, somewhat crude.

For double grids (2 and b) the theoretical
Wiheor WaS determined in correspondence with the mean

solidity ©goy from
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. s | 23)
% to%theor atheor “theor
H
] and
Py \ 2 % N/ Py #
./ _—_EEL— = < -—--—--i--—- i ———— > ) . (24)
DT T 1 - s’ L
f at
N2
.(._._f_a__._ DRV S
N1 — / \1 —
¢, , = Ya e (25)

Here also agreement with experimental values is obtained,
pProvided the solidity for grids mounted c¢ne behind the
other is computed according to equatien (25)

Translation by J. Vanier,
National Advisory Committee
for Aeronauntics.
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Figure 2. Tst lay-ocut for measing the ressanc coeffients of
round-wire grids. '

{a) Bell mouth, (b) Test station 1, (c) Test station 2,
(4) erid. (e) Test station 3. (f) Axial fan,
(g) Throttling device. (k) Driving motor, -
1]
iR
)
Sw H
|
[
B}
10
0
S
R
\
N
N Y
\\ \
\\\\\\\
26rids
‘K\\R\‘\
{6 XX (0mm s pacing)
\\\?Q‘\M&'rﬂﬁ
\ \\\\ T 6ris XX (1mm spacing)
v N, T remt
3 ‘\Q\ Tt it X XY
[—— Grid Il
. ﬂd’gg 3 Grid I
) %ﬂﬂﬂ'l
. Gridlll
3 Gridn}. ) . i ' B
@ Hér:’:ﬁl-—‘s\‘ / )
kT T =
o B L N
f oot [6ridly_ o L T \
Gridl—‘&s 2 > — ) \
70 i \ i V7 mys - 2% /
S © T~ Undisfurbed-flow, U -
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